The use of enzymes in organic solvents has acquired a special relevance in organic synthesis, and lipases are the enzymes most commonly used in transesterication reactions. In the past few years, we have shown the utility of enzymatic aminolysis and ammonolysis reactions for the preparation of amides and for the resolution of esters and amines. The enzymatic alkoxycarbonylation reaction is of great utility in chemoselective reactions of natural products. Lipases, enzymes much less exploited in organic synthesis, have an increasing interest, especially the use of (R)-oxynitrilases for the synthesis of optically active cyanohydrins.
Over the past few years our group has been working on the use of aminolysis and ammonolysis reactions for the synthesis of high value added products. We have studied the preparation of amides from α,β-unsaturated esters, β-hydroxyesters or β-ketoesters with excellent results, thus achieving a very simple way of chemoselectively preparing different types of amides. If racemic amines are used, the corresponding amides are prepared in very high enantiomeric excesses. The enzymatic ammonolysis of diethyl 3-hydroxyglutarate allows the preparation of the corresponding amidoester in enantiopure form, a product we have used as starting material for the preparation of (R)-4-amino-3-hydroxybutanoic acid, the precursor of carnitine. On the other hand, this methodology has allowed us to carry out resolutions of some heteroarylamines or different esters, offering an alternative to hydrolysis or enzymatic transesterification.
Recently we have accomplished a double resolution of esters and amines that allows the preparation of these substrates in enantiopure form in one step, since when the lipase of Candida antarctica (CAL) is used, the reaction takes place with high diastereoselectivity and enatioselectivity. Equally, when a prochiral ester and racemic amines are used the corresponding amidoester is prepared and the amines are resolved with enantiomeric exccesses grater than 95%.
The best conditions for the resolution of trans-1,2-cyclohexanediamine involve using diesters and CAL as the biocatalyst. For example, when diethylmalonate is used both substrate and product are prepared in practically enantiopure form. From both of these we have developed a very efficient method for preparing different types of azamacrocycles. This process has great synthetic value, as it allows us to prepare different chiral macrocyles, compounds of great importance, as some of them have interesting properties concerning the recognition of chiral dianions.
As for the usefulness of enzymes in organic solvents in chemoselective transformations of natural products, our most outstanding results have been in the area of the nucleosides, especially with desoxyribonucleosides, and we are now investigating the possible applications of this methodology towards the synthesis of vitamin D. For this reason we have studied enzymatic acylation and alkoxycarbonylation reactions, particularly the latter, since they allow the regioselective preparation of carbonates which are suitable starting materials for the synthesis of other derivatives
In our studies of the enzymatic reactions of desoxyribonucleosides using esters or oxime carbonates we have achieved regioselective ayclation and alkoxycarbonylation at the 3' y 5' positions of the sugar. Thus, when the lipase of Pseudomonas cepacia (PSL) is used, acylation or alkoxycarbonylation at the 3' position is achieved, while, on the other hand, if CAL is used, the corresponding 5' isomers are prepared. The products obtained when the vinyloxycarbonyl group is introduced are starting materials for the preparation of nucleoside derivatives as yet not reported in the literature.
Presently we are studying different chemoenzymatic transformations in precursors of the A ring of 1α,25-dihydroxyvitamin D 3 , which is the hormonally active form of vitamin D 3 , as well as in the stereoisomers of the natural product, due to the importance of the stereochemistry of the chiral centers of this ring towards its biological responses. This allows us to prepare new derivatives of this important synthon through enzymatic alkoxycarbonylation reactions.
Another line of investigation in our group involves the use of oxynitrilases for the preparation of chiral cyanohydrins. (R)-oxynitrilase is a flavoprotein that catalyzes the addition of hydrogen cyanide onto the si face of benzaldehyde. The enzyme can be produced from almond flour and it can be used in different organic solvents, thus allowing it to react with a wide variety of aliphatic and aromatic aldehydes, and even ketones.
Recently we have investigated the cyanation-transcyanation reactions of some ω-bromoaldehydes using ketone cyanohydrins as the cyanide source. This reaction allows us to achieve a double objective: prepare chiral cyanohydrins from ketones of (S) configuration and the synthesis of ω-bromocyanohydrins. These cyanohydrins are precursors of different oxygenated and nitrogenated heterocycles. It is worth noting that using this methodology (S)-pipecolic acid and other alkaloid derivatives have been prepared. In addition, starting from the corresponding cyanohydrins of different ω-bromoaldehydes we have tackled the synthesis of heterocycles of more than six members, and have been able to isolate optically active azepane and azopane derivatives.
